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GRANULATED FERTILIZER COMPOSED OF MICRONUTRIENTS AND 

CLAY 



FIELD OF TECHNOLOGY 

5 

The present invention refers to granulated fertilizer which contains 
as a support material a clay to which the following micronutrients 
have been added, iron, zinc, manganese, copper, sulphur and mo- 
lybdenum, and which is therefore more easily assimilated by crops. 

10 

STATE OF THE ART 

Within the field of agriculture mankind has realized that the ade- 
15 quate use of fertilizers results in obtaining larger production. Within 
the essential nutrients in plants there exist those which are neces- 
sary in very small amounts called micronutrients (iron, zinc, copper, 
manganese, molybdenum y boron), which are as important as the 
macronutrients (nitrogen, phosphorus and potassium). Although they 
20 are present in small amounts, the lack of any micronutrient will limit 
the plant's growth even when it has all other nutrients in adequate 
amounts. The presence of clay makes not only the dissolution of the 
micronutrients to adequate concentrations which may be assimilated 
by the plant possible, but also the presence of charges in the 
25 (micronutrients and clay) results in a the absorption being carried 
out with an adequate efficiency. 
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The role of each one of these micronutrients has been long studied, 
iron plays an important role as a catalyst for reactions of chloro- 
phyll formation since it works as an oxygen transporter and its defi- 

5 ciency causes chlorosis on the plant's leaves. Zinc is necessary for 
the synthesis of substances responsible for the plant's growth as 
well as for systems of enzymes such as dehydrogenase, proteinase 
and peptidase. Its deficiency brings with it problems such as bad 
growth and whitish chlorosis. Manganese's primary function is to 

10 form part of a system of enzymes in plants. Copper is necessary for 
the formation of chlorophyll and catalyzes several reactions in the 
plant. (Soil Fertility Manual, Potash and Phosphate Institute, Re- 
vised Printing 1992, chapter 7). It is not enough only to have the 
micronutrients, an appropriate proportion is also necessary for 

15 proper assimilation. In some cases an excess of one of these re- 
sults in a deficiency of another. (J.J. Mortvedt, P.M. Giordano, 
W.L. Lindsay, Micronutrients in Agriculture, AGT editor S. A. ,1982, 
pages 282 - 286). For these reasons, it is known that the use of 
fertilizers containing micronutrients in adequate proportion is nec- 

20 essary in soils which lack any one of them. The above has been 
visualized by experts in the fields of application and proof of that is 
the development of fertilizers which carry micronutrients, in the 
case of Pat. EEUU No. 4,328,025, wherein the importance of provid- 
ing them in adequate amounts is pointed out. Finding an adequate 

25 proportion of micronutrients is not enough, it is also important to 
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find a way of supplying them to the plant in an economic and effi- 
cient way, as in the case of Pat. EEUU Nos. 5,366,533 y 4,334,906. 
In the first patent, the case of the mixture of organic by-products of 
citric fruits and the iron micronutrient is presented, in the second 
one, the use of porose sulphurose particles as a vehicle of trans- 
port for micronutrients. These mixtures bring as a consequence a 
better way of supplying the micronutrients to the crops and thus ob- 
taining a better assimilation of the same; although these are not the 
only ways of making them assimilable to the plants. 

In order to prevent the micronutrients which are applied to the soil 
through the use of fertilizers from reacting forming compounds 
which prevent their assimilation, it is necessary for them to be in 
soils where a high capacity of cationic exchange exists. This is not 
always possible and sometimes when they are applied they reach 
the plant in very small amounts or not at all because they have re- 
acted and become non-assimilable compounds. This brings on the 
necessity of using larger amounts of fertilizer and thus turning out 
more expensive and in the long run the soil may become toxic. It 
must be remembered that the cationic exchange capacity (CEC) is 
the capacity the soil has to store and exchange cations, this ex- 
change takes place in the plant's roots and in this way the micronu- 
trient is assimilated. 
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Taking into account all of the above, the development of a 
granulated fertilizer which contains micronutrients in adequate 
amounts, which are supported by a material with a high CEC, of 
controlled solubility and which also allows for an easy, dosified and 
5 efficient application of the micronutrients at a low cost is described 
in this patent. 

THE REVELATION OF THE INVENTION 

10 The present invention consists on the development of a product 
which contains iron, zinc, manganese, copper, molybdenum, sulphur 
and a mixture of clays, wherein their concentrations are iron from 
11% to 13%, zinc from 3% to 9%, manganese from 0.1% to 2.5%, 
copper from 0.5% to 0.7%, molybdenum from 0% to 0.1%, sulphur 

15 from 7% to 10%, and from 45% to 57% of clays. The percentages by 
weight are based on the total weight of the fertilizer; wherein iron 
is present as monohydrated iron sulphate, zinc as monohydrated 
zinc sulfate, manganese as monohydrated manganese sulphate, 
copper as heptahidrated copper sulphate, molybdenum as tetra- 

20 hidrated ammonium molybdate, and the clay can be caolinite, ilinite, 
montmorillonite or a mixture of any of them in any concentration. 

The presentation of the product is in granulated form of 1.5 to 4.5 
millimeters, an adequate size to be used directly or mixed with 
25 other fertilizers. Its hardness is from 1.9 to 2.3 Kg/cm2, enough to 



bare the subsequent handling, during the fertilizer's preparation 
and the mixture with other nutrients. The processing conditions 
make the material withsatand handling during preparation. Upon be- 
ing mixed with other nutrients it suffers a slight degradation to dust 
y has also the capacity of being 100% soluble, a characteristic 
which allows it to reach the plant's roots. 

The relationship in which the micronutrients are found is highly im- 
portant when talking about fertilizers, for example, excess Cu, Mn 
or Zn could induce a Fe deficiency; but at the same time, Mn to a 
certain degree helps Fe be assimilated. (J.J. Mortvedt, P.M. 
Giordano, W.L. Lindsay, Micronutrients in Agriculture, AGT editor 
S. A. ,1 982, pages 282 - 286). This is why the proportions in which 
the micronutrients are present in this granulated fertilizer have 
been developed based on the experience with the use of fertilizers 
and are a very important factor for its efficiency. Another important 
aspect of the fertilizer is its low pH. The low pH is due to the effect 
of small cations of copper, iron, molybdenum and manganese, which 
upon contact with water; break this molecule, generating hydrogen 
ions which are responsible for acidity. This characteristic is unique 
to small ions. According to the literature (Raymond Chang, fourth 
ed., page 687, mc g raw- h i 1 1 y 1992.). This presents itself as an ad- 
vantage in alkaline soils since the acidic character of fertilizers 
(3.5 - 5 pH) results in the micronutrients being assimilated by the 
plant more easily in soils which have the problem of being alkaline. 
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This is due to the fact that one of the major problems of alkaline 
soils is the availability of cations such as Fe + + , Zn + + , Cu ++ and 
Mn + + , since augmenting the pH diminishes the cation availability. 
This low availability is due to the fact that when the pH is increased 
5 over 5.0, the larger part of the cations start to precipitate as hy- 
drated oxides (hydroxides), which have a very low solubility con- 
stant and are therefore practically insoluble. That is why it is con- 
venient that the cultivation fields have a neutral or slightly acidic 
pH and that they are acidified in case of being alkaline. 

10 

Another, also very important, characteristic of the material is man- 
aged due to the use of clays as a support to the micronutrients. 
Caolinite, ilinite, montmorillonite clays, or a mixture of them is used 
as a support material, which thanks to their charges tend to unite 

15 upon being moisturized. A binding agent is also used, in low con- 
centration, which strengthens the bond between particles, allowing 
a certain degree of porosity which makes the loss of moisture eas- 
ier. The binding agent consists of calcium oxide which in the pres- 
ence of water is turned into calcium hydroxide, which due to pH, 

20 and in accordance with literature in the field, forms positively 
charged h idroxo-com plexes which are adsorbed over the clay's sur- 
face. The adsorption of the hidroxo-complexes modifies the clay's 
particle's net surface charge, causing the formation of juncture 
points with other clay particles. 



25 
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During the fertilizer's application, the dissociation of 

cations takes place, and these due to the charge of the clays are 
adsorbed. It is necessary to point out that the clays have a cationic 
exchange capacity of 10 to 150 milliequivalents/1 00 g. due to their 
negative charge. This helps the very clay retain the Fe + + , Zn + + , 
Mn ++ and Cu ++ cations and allows them to be exchanged for H + 
cations which are found on the surface of the plant's roots. Due to 
this, the mixture of materials is turned into a highly assimilable fer- 
tilizer. 

It is to be said that although the clay mixed with the zinc, manga- 
nese, copper and iron sulphates and ammonium molybdate has a 
certain capacity of bonding, the use of a bonding agent such as cal- 
cium oxide is essential to confer a greater hardness to the pellet 
between 1.9 and 2.3 Kg/cm2 so that it will not be turned to dust 
when mixed with other fertilizers and facilitate it's application. The 
fertilizer has a low moisture concentration (2 to 6%) which allows it 
to be mixed also with hygroscopic fertilizers such as urea, up to a 1 
to 1 ratio, without problems which may affect it's physical charac- 
teristics. 

Another advantage the developed product has is that due to the 
progressive dissolution of its components it is allowed to act during 
the greatest part of the crop cycle; in other words, upon contact 
with water its components dissolve gradually. 
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Improved method for carrying out the invention 



Example 1 

5 To produce a ton of the granulated fertilizer, 180 Kg. of monohy- 
drated iron sulphate is mixed with 215 Kg. of monohydrated zinc 
sulfate, 28 Kg. of heptahidrated copper sulphate, 5 Kg. of monohy- 
drated manganese sulfate, 1 Kg. of tetrahidrated ammonium molyb- 
date and 570 Kg. of pulverized caolinite clay until a homogeneous 

10 mixture is obtained. In another recipient 1 Kg. of calcium oxide is 
mixed with 260 liters of water, until a homogeneous mixture is ob- 
tained. The mixture of monohydrated zinc sulfate, heptahidrated 
copper sulphate, monohydrated iron sulphate, monohydrated manga- 
nese sulfate, and tetrahidrated ammonium molybdate and montmoril- 

15 lonite and caolinite clays is emptied onto a pelletizing plate with a 
flux of 12.5 Kg/min. The plate has a diameter of 1.8 m, with a slant 
degree of 37° and spins at 38 rpm. The mixture on the plate is 
sprayed with the water and calcium hydroxide mixture with a flow of 
1.25 Lt/min. The pellets formed are fed into a 3 section rotating 

20 oven heated by a burner fed with a mixture of hydrocarbons, pre- 
dominantly methane. On the inside, the oven reaches a temperature 
of 90°C in the first section, same which diminishes to 40° in the 
last section, to obtain a final moisture content of the product of 
around 3%. The fertilizer pellets are then sifted through the woven 
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mesh of openings 1.5 mm (woven mesh 8) and 4.5 mm (woven mesh 
5). 

The product which passes through the woven mesh 5 and is caught 
5 by the woven mesh 8 is a product of 1.5 to 4.5 mm in diameter 
which is ready to be packed and distributed. The smaller sizes 
which go through the woven mesh 8 are fed back into the mixer and 
re-processed. The larges sizes are ground and then are also re- 
processed being fed back into the mixer. 

10 

The granulated fertilizer obtained can be applied from 20 to 40 
Kg. /Ha in vegetable patches and 100 gr/tree in the case of fruit 
trees on soils where the established crops have low levels of fertil- 
ity and an alkaline pH. 
15 Example 2 

To produce a ton of the granulated fertilizer, 180 Kg. of monohy- 
drated iron sulphate is mixed with 215 Kg. of monohydrated zinc 
sulfate, 28 Kg. of heptahidrated copper sulphate, 5 Kg. of monohy- 

20 drated manganese sulfate and 571 Kg. of pulverized caolinite and 
montmorillonite clays in a 2:1 ratio, until a homogeneous mixture is 
obtained. In another recipient 1 Kg. of calcium oxide is mixed with 
260 liters of water, until a homogeneous mixture is obtained. The 
mixture of monohydrated zinc sulfate, heptahidrated copper sul- 

25 phate, monohydrated iron sulphate, monohydrated manganese sul- 



I* 

10 

fate, and tetrahidrated ammonium molybdate and 

montmorillonite and caolinite clays is emptied on a pelletizing plate 
with a flux of 12.5 Kg/min. The plate has a diameter of 1.8 m, with a 
slant degree of 37° and spins at 38 rpm. The mixture on the plate is 

5 sprayed with the water and calcium hydroxide mixture with a flow of 
3.25 Lt/min. the pellets formed are fed into a 3 section rotating 
oven heated by a burner fed with a mixture of hydrocarbons, pre- 
dominantly methane. On the inside, the oven reaches a temperature 
of 90°C in the first section, same which diminishes to 40° in the 

10 last section, to obtain a final moisture of the product of around 3%. 
The fertilizer pellets are then sifted through the woven mesh of 
openings 1.5 mm (woven mesh 8) and 4.5 mm (woven mesh 5). 

The product which passes through the woven mesh 5 and is caught 
15 by the woven mesh 8 is a product of 1.5 to 4.5 mm in diameter 
which is ready to be packed and distributed. The smaller sizes 
which go through the woven mesh 8 are fed back into the mixer and 
re-processed. The larges sizes are ground and then are also re- 
processed being fed back into the mixer. 

20 

The granulated fertilizer obtained can be applied from 20 to 40 
Kg. /Ha in vegetable patches and 100 gr/tree in the case of fruit 
trees on soils where the established crops have low levels of fertil- 
ity and an alkaline pH. 
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